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bHced`fSchgiji,klmonpchqerPsutvk#qwtvxPcekayz^gc{g|u|T}ka|ukay#~F^gyvkayFkNFdSPCkaky#~PcPkayvk7gxF"katpyvFyvt#}kai,kay@syetvces?xkay
bHced#{katbHgi,z^g
gz?z^dScvtCFkcvk7qvr?kachqerPkZ`Smoq{tvdSPcvkmo`z^gfSkay
 )7^SZOtvr?syHz^gz^kc#~1kYz?cvkayekaFtYgq{dS^q{xPcecvkaJq{i,k#gyvxPcektvrJgtHsuy5kayez^k#qwsg|u|g`PgzPtvk#tvdFsuyO
tecvsuPxPtek#"z?cvd`fSchgi,y1tvr^gtk{PrPsuPsutCcvkf`xP|gcCcexPFOtvsui,kJkar^g7Fsud`xPcey#C Fx^qer"z?cvd`fSchgi,ygcek¡9cek#¢SxPkaFtv|u
dSPthgs?k#jZMgxPted`iMgtvsqz^gc{g|u|uka|us£7gtvsudSd¡yvk#¢SxPkZtesg|Dqwd@@k`1¤CrPsuyCi,k#gyvxPcek¥suyC^gyvk#=d`MtvrPkgF
tesqer^gsu|gtvtesq{kYd¡^tvr?kYz^gcvtesg|`dSchFkacHter^gtHi,dPFk|yWterPkCFsuyvtvcesuPxPtvk7k{Pk#q{xPtesdSNx?^Fkacq{dSPyvsFkac{gtesdS5
¦§kyerPd¨xP^@kacCrPsqvr+q{d`^@stesud`MtvrPki,k7gyvx?cvksuy¥qwd`i,z?xPthgP|uk¥dSVgMsuF©^?stekk{Pk#q{x?tvsud`+CrPsqer
suy1tvrPkpcvkazJkatvsutesdS,d¡Dgp©^Psutvkpz^gtetvkace5H¤CrPkpi,k#gyvxPcek¥qagtvrPkaj^kq{dSi,zPx?tvk#Fq{d`PyesFkacvsuPfd`?|
gJd`xPJFk#jFxPi^kcCd¡DzJgtvtekacv?y#~JtvrPsuy1^dSxP^jJkasuPf,gtCijd`yvt1tvr?k¥FxPiJkac1d¡zPced@qwkayvyed`cvy7
ªj«F¬W­v®¯J`°H²±1d`^q{x?cvcvk^q{"ijk#gyexPcvk`~FnpxPtvdSi	gtvk# z^gc{g|u|uka|us£7gtvsudS5~`npFtvsqer^gsu,|gtvtvsq{kS~^³5g^k|k7
z^gcvtesg|Wd`c{Fkacvy7~WCkafSxP|gc1k{Pk#q{xPtesdSPy#
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PyqwkchgzPz^dScvt7~PPdSxPyzPcPkayvkZted`PyxP?ki,kayexPcvkFkq{d`^qwxPcvceka^q{k,gSPgzPtPkakNgxF	zPced
fSchgiji,kaypcPkazJgcvtesuy g7FgFtxP q{dSi,zJd`cetvkaijkaFt¥cPkaf`x?|sukac"}gM| k{k#q{xPtesud`5~Wteka|uy ¢SxPkj|ukayzPced`f`c{giji,kay
dSPtvkaFxPy1z^gcz^gc{g|u|#ka|usuyhgtesud`NgxPtvdSi	gtes¢`x?kYFkz?cvd`fSchgi,i,ky5yPk7¢`x?kaFtvsuka|uy#P±1katetvkpi,kayexPcvkCyek¥qag|qwxP|uk
yexPcN|ukjtvcvks|u|usuyFkaygFtvsqer^guPky Fk| d`c{Fcvkjz^gcetvsuka|1i,dP1ka|usuyhgFt| k{k#q{xPtesdS§cPkazJgcvtesuk=qwd`Pyes1kacPkakS
d`xPyCijd`Ftvced`Py1yvdSxPy¢SxPka|u|ukayq{d`JFsutvsud`PyCq{katetvki,kayexPcvkpkayvtqag|q{x?|gP|ukyexPcxP?k¥kwk7q{xPtvsudS	suF©JPsuk
¢SxPs1kayvt|gjcPkazCkatestesud`  x?Vijd`tvs ¡©JPsO5³5gji,kyvxPcekz^kax?t g|dScvykatecvk	qg|q{xP|7kakjka§Pk,q{dSPyvs1kac{gFt
¢Sx xPjPd`iPcekC^dScvCkFkijd`tvs ¡9y7~`q{katetvkJd`cePkVkathgFtgx,zP|uxPy1|ukPdSiPcvkFkzPcedPq{kayvyekaxPceyNFk| k{Ck{
q{x?tvsud`5
 ¯JÔ­h«²=kayvxPcek	Fk,qwd`^q{x?cvcvk^q{k`~1bDgchg||7ka|usuyhgtvsud`+gxPted`i	gtvs¢SxPk`~?¤Dcekasu|u|suyFkaygFtesqer^guPkay#~
pch@cvkayz^gcvtvsuka|uyMkates¢`x?katPkay7~! (k#q{xPtesdSPycPkaf`x?|sO}kacekay#
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¤CrPktecvkaJtvdCgc{Fy5terPkxPyekd¡^FsuyvtecvsuPxPtek#ijkai,dScv1z^gc{g|u|uka|i	gSqvr?s?kayWsuyW`kace¥kZsFkZt7#±1|uk#gcv|uZ~
terPkasucNz?cvd`fSchgi,i,s PfkaFFsucvd`?i,kaFtvyr^g7Sktvd"JkyvsufSPs © qagFte| sijzPcvdSk#W~Jkayez^k#qwsg|u|+suVterPk©Jka|
1k"gcvkMiMgsuP|u"suFtvkacekayvtek#²su76(yvkaijsÄvgx?tvd`iMgtek#V@syetvces?xPtvsud` d¡yvk#¢SxPkaFtesg|¥q{dPFkj¡9dScNy{q{sukaFtvs © q
q{dSi,zPx?tvsuPf^O^Fkak7W~`z?cvd`fSchgi,i,kcvyWPkak7yvd`z?rPsuyvtvsqagtvk#zJkacÜ¡9d`cei	gJq{kYk`g|ux^gtesud`tedZdS|uy#98Cd1ka`kc#~
terPkacvkpsuyPdYk|| vg`qaqwkazPtvk7;:hq{dSi,zP|uk{PsutO
<q{cvsutvkcvsud`¡9dScYFsuyvtecvsuPxPtek#zPced`f`c{gijy#~{¡:d`cterPkC^kr^g7FsdSxPcvy
d¡êgyvF^qerPcvdSPd`x?yi,kayeyhgf`k{Oz^gyeyvsuPfpzPcvdSf`chgi,yHgcvk1PdStDSkatHyvx
=	qwskZte|uxP^FkcvyvtedFd@ê`OtHsuyg|uyvd`kcv
Fs>=	q{x?|ttvdVFkyvsuf`§tedZdS|uytvr^gtNqag§f`su`kceka|uka`gFtzJkacO¡:d`cviMg^qwks@¡9d`cei	gtesud`MFVdSP|u"yvt{gtvsqag|u|
g^g|uF£asuPfgFsuyvtvcesuPxPtvk7	qwd@@k`
n cekayvk#gchqer gÔPsypsuy¥terPka§ted	yetvx^@"cvxP?yd¡gMFsuyetvcvsuPx?tvk#+zPced`fSchgi suPyetvk#gS"d¡terPkzPcvdSf`chgi
sutvyeka| ¡h! HyvzJk#q{sg||uF~JtvrPkacekNsuy1d`c3?Mted	Fk{©JPk,q{d`Jq{xPcvceka^q{§ijk#gyexPcvky#~Jtvr^gtsuy#~Jijk#gyexPcvkayter^gtqag
rPk|z cvk`k#g|suPf tvrPk yvF^qerPcvdSPsu£#gtesud` yvtvcex^q{texPcvk§d¡ g q{dSi,zPx?thgtesud`5~HCrPkcvk#gy"tvc{g`FsutvsudS^g|CdSPkay
@ i,kayeyhgfSkq{d`x?Zt7~7¡9dScDsuPyethg^q{kBAHdSP|uf`su`kC¢Sx^gFtvsut{gtvsuSkYsuF¡9dScviMgtvsudS¥gJd`x?tDterPkq{dSi,zPxPt{gtesdS5BC?d`c
terPsuy#~^g^,gyCsutYsuy1Pd x?yvx^g|EDl7Fv~PgNFsuyetvcvsuPx?tvk#jk{Pk#q{x?tvsud`"suy1yvkakVgygz^gcetvsg|u|ud`ch@kacvk#=yvkatCd¡
kaSkaFtvyter^gt1gcvkCqagxPyhg||ucvk|gtvk#Fz?cvdPq{kayeyYyek#¢SxPkaFtvsg|usutOg^suFtvkacezPcvdPq{kayeyqwd`i,ix?PsqagtesdS5eny
¡Tgcgy1Yk$?FPd~StvrPkp©^ceyvtq{d`^qwxPcvceka^q{Mi,k7gyvx?cvktvr^gtYt{g9?Skayg`qaqwd`xPFtCd¡qagx?yhg|usutOCgy1zPcvdSz^dSyvk#
F	±1rJgcvced`F3Gd`yvtHD FÜ~S¡:d`|u|udYk#F;D IF~WlJP~WlKFv
OtCsuyCyerPdC"suDulBJ F5tvr^gtkasuterPkacterPkayekNijk#gyexPcvkaygcvktedFdsJg`qaq{x?chgtekd`cptvrPkscqwd`i,z?xPthgtvsud`^g|
q{dSi,zP|uk{PsutOiMg9?Skay5terPkai suijzPchgSq{tvsqagP|uk`{OtHsyg|yedsui,zJd`cethgZtWteddSPyvkace`kCter^gtg|u|StvrPkayekijk#gyexPcvkay
dSP|u=@k#g|HCsutvrM©JPsutvkcvxPPy7~WCrPsu|ukk{Pk#q{x?tvsud`Pyd¡Ycvk#gSq{tvsuSkNzPced`fSchgijygcekNxPyex^g|u|uMsuF©^PsutvkS^np|uyvd^~
k{Pk#qwxPtvsud`?yNd¡¥FsuyvtvcesuPxPtvk7+zPcvdSf`chgi,yp¡9dSc¥y{q{sukaFtvs © qjgzPzP|usqagtvsud`Py7~Jka`ka ©^PsutvkS~5gcek,xPyex^g|u|u"`kcv
|ud`?f^CkaSkacvterPka|ukayvy7~$D FgJLDulBJF¥g|yed"f`suSkyvd`ijkka^q{dSxPchgf`suPf+cvkayexP|utvy7¤CrPkji,k#gyvxPcek,suLD 9FCsy
yerPdC,ted^kr^g7`kC1ka|u|^Csutercvkayez^k#qwtCtvdNgzJgcvtesq{xP|gcE?Fsu^d¡Dq{dS^qagtvka^gtvsud`jd`zJkachgtvdScd`,q{dSi,zPx@
t{gtvsudSPy#WpVterPkd`tvr?kacr^g^W~MDulBJFyvr?dCy¥terPkacekNsuyyvdSi,krPd`zJktvd,dSPthgsu"zPchgSq{tvsqag|q{d`^qwxPcvceka^q{
ijk#gyexPcvkay)¡9d`czJgcvtesq{xP|gcq{|gyeyvkayCd¡ kw@k7q{xPtvsudSPy @ ¡9d`cHsuPyethgJq{k`~1DlJFêqwd`Pyes@kacvy1k{Pk#q{xPtesud`Py1tvr^gtYqag
Jki,dPFk|k7,gyCyedvqag|u|uk# sFtekacv`g|Wd`ch@kacvyAa
¦§k"g`P@cvkayey,yvk`kac{g|q{|ud`yeka|u cvk|gtvk# zPcvdSP|ukai,y7EC5suceyvt#~1qag g+i,k#gyvxPcek	zJd`yeyvsuP|u JkVFkw©^Pk#
ter^gt1f`su`kyYyesfSPs © qagZt`g|uxPkay1ka`k	suterPkqagyekd¡HsuF©^PsutvkCkw@k7q{xPtvsudSPyN:¡Dyex^qer	gi,k#gyvxPcekk{Psuyvtey#~
gPd`terPkac,¢SxPkayetvsud` siji,k#@sg7teka|u"gcvsuyekayB6FdFkayterPkacek	kw@suyet,g"q{|gyeyd¡suF©^Psutek	q{dSi,zPxPt{gtesdSPyp¡9d`c
CrPsqer terPkVijk#gyexPcvk+qag Jk§q{d`ijzPxPtvk7ON pgtexPchg||uF~Hs ¡yex^qer kw@k7q{xPtvsudSPy"Fd k{Psuyvt7~terPka ixPyet
k{PrPsuPsutCyed`i,k?FsJd¡HcvkafSxP|gcestOCr?sqerMtvr?k¥ijk#gyexPcvkpixPyvt1thg?`ksuFtvdg`qaq{dSxPFt# Md`cekad`kac7~Pgyg
suF©^?stekk{Pk#qwxPtvsud`+qagj^kyvkkaVgyCg|suijst(d¡gyek#¢SxPka^q{kd¡W©JPsutvkd`Pky#~Ftvr?kqwd`i,z?xPthgtvsud`d¡5tvrPk
ijk#gyexPcvkyvr?d`xP|jPd`t@kaz^k^Md`MterPkyvsu£akd¡Dtvr?kd`c{FkacCtvrJgtCi,dPFk|yCgMk{Pk#qwxPtvsud`P6PsutCixPyvt1d`?|
Fkz^kaJ"dS,tvr?kyvsu£akd¡Yg^dSxP^Fk7MyvxP?yvkatpd¡DterPsuyCd`c{Fkac#
OMtvrPsuyCz^gz^kc#~P1kfSsSk¥g©^ceyvtpz^dSyvsutvsu`kgPyv1kacCtvdterPkayekNzPced`P|ukaijy#S¦§kFk{©^Pkgq{d`^qwxPcvceka^q{
ijk#gyexPcvkgJ	gqw|gyvypd¡Dkw@k7q{xPtvsudSPyter^gtpk{PrPsuPsutgz^gcvtesqwxP|gcQ?Fsu^jd¡Dcekaf`x?|gcvsutOR6PgMk{Pk#q{x?tvsud`
su,terPsuyq{|gyeyqagMJk¥ijdPFka|uk#gyCksterPkacg	suF©JPsutvkdScg©JPsutvkcvkazJkatestesud`Md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Éditeur
INRIA, Domaine de Voluceau, Rocquencourt, BP 105, 78153 LE CHESNAY Cedex (France)
ISSN 0249-6399
